The muscle sarcoplasmic proteins from bovine M. longissimus thoracis muscle were studied using proteomics to identify possible protein markers for meat tenderness. This study included 3 experiments: A1, A2, and B. From a collection of biopsies from the bovine M. longissimus thoracis muscle, excised 4 d before slaughter from 178 Norwegian Red young bulls, 26 biopsies were studied in Exp. A1. Based on WarnerBratzler shear force (WBSF) values at 7 d postmortem, the biopsies were separated into a tender and a tough group of 13 bulls each and analyzed by 2-dimensional gel electrophoresis (2-DE) and Western blotting. The 2-DE experiments identified 4 different proteins: stress-70 protein, protein DJ-1, peroxiredoxin-6, and malate dehydrogenase, which were different in abundance in the tender and tough groups. However, only peroxiredoxin-6 was confirmed by quantification from Western blots. Peroxiredoxin-6 is an antioxidant enzyme that plays a role in protecting cells from oxidative stress. Peroxiredoxin-6 was identified through 3 spots of the same molecular weight, but with different pI on the Western blots. Only one of the spots was more abundant in the biopsies from the tender group. In Exp. A2, samples collected 1 h postmortem from the same animals and muscles as in Exp. A1 were analyzed by Western blotting. In these postmortem samples, the same spot from peroxiredoxin-6 as in Exp. A1 was more abundant in the tender group. In addition, one of the other peroxiredoxin-6 spots was also more abundant in the tender group. To verify the results from Exp. A, biopsies from 14 additional animals were analyzed in Exp. B by Western blotting against stress-70 protein, protein DJ-1, peroxiredoxin-6, and malate dehydrogenase. No significant differences between the tough and tender groups could be observed in these biopsies. However, for peroxiredoxin-6, the tendencies pointed in the same direction as in Exp. A. In conclusion, peroxiredoxin-6 might be a potential protein marker for meat tenderness detectable in biopsies and in samples collected shortly after slaughter. However, more animals are needed to verify the findings in the present study.
INTRODUCTION
Tenderness is considered to be the most important eating quality trait by consumers of beef (Miller et al., 2001) . A large variation in beef tenderness has been reported (Hildrum et al., 1999; Brooks et al., 2000) , and identification of markers for meat tenderness in cattle has gained attention in recent years (Bendixen, 2005; Bernard et al., 2007; Hocquette et al., 2007; Kee et al., 2008; Kim et al., 2008) . Proteome-based approaches have been used to identify proteins in porcine and bovine postmortem muscles, which may be related to meat tenderness (Lametsch et al., 2003; Hwang et al., 2005; Laville et al., 2007; Kim et al., 2008) . Previous studies of proteome changes in bovine M. longissimus thoracis muscle biopsies from living animals and postmortem muscle samples indicate that a wide range of metabolic proteins including glycolytic enzymes and stress proteins changed in abundance (Jia et al., 2006a (Jia et al., ,b, 2007 . However, in those studies the relevance to tenderness was not studied. Hence, there is a need to study muscle proteome changes related to meat tenderness to better Peroxiredoxin-6-A potential protein marker for meat tenderness in bovine longissimus thoracis muscle 1 X. Jia,* † E. Veiseth-Kent,* H. Grove,* † P. Kuziora,* L. Aass, ‡ K. I. Hildrum,* and K. Hollung* 2 *Nofima Mat AS, Osloveien 1, NO-1430 Ås, Norway; †Department of Chemistry, Biotechnology and Food Science, and ‡Department of Animal and Aquacultural Sciences, Norwegian University of Life Sciences, PO Box 5003, NO-1432 Ås, Norway understand the biochemical mechanism behind meat tenderness.
The main goal of the present study was to identify proteins in bovine M. longissimus thoracis muscle from Norwegian Red young bulls related to tenderness, measured by Warner-Bratzler shear force (WBSF), both in biopsies and in samples collected shortly after slaughter. The focus was on the muscle sarcoplasmic protein fraction, which is thought to contain most of the metabolic enzymes and stress proteins.
MATERIALS AND METHODS
The procedure for experiments including animals was approved by the Norwegian Animal Research Authority.
Animals and Experimental Design
The samples in this study were chosen from a collection of biopsies and postmortem samples taken from 178 Norwegian Red dual-purpose young bulls (approximately 13 mo of age/450 kg of BW) from a performance test station (GENO-Breeding and AI Association) in 2004 and 2005 . During the test period (150 to 330 d of age), the bulls were kept in pens with 15 to 23 bulls/ pen. This study consisted of 3 experiments, A1, A2, and B (Table 1 ). In Exp. A1, biopsies from 26 of the 178 bulls were chosen based on WBSF values, resulting in a tender (mean, 44 N; range, 39 to 48 N) and a tough (mean, 69 N; range, 65 to 83 N) group of 13 bulls each. Eight of these samples with 4 tender and 4 tough in each group were selected for Western blotting; the 4 samples having the greatest/least abundance within the tender/tough groups were selected for this analysis. In Exp. A2, 1 h postmortem muscle samples from 16 of the 26 bulls analyzed in Exp. A1 were chosen for Western blotting, giving a tender (mean, 44 N; range, 39 to 47 N) and a tough (mean, 70 N; range, 66 to 83 N) group of 9 and 7 bulls, respectively. In Exp. B, biopsies from an additional 14 of the 178 bulls were chosen, creating a tender (mean, 45 N; range, 31 to 51 N) and a tough (mean, 84 N; range, 63 to 107 N) group of 7 bulls each for Western blotting. The pH measurements (1, 6, 10, and 48 h postmortem) were also recorded in muscle samples from these animals, but no significant differences between the groups were observed (data not shown).
Sampling
Biopsies were obtained after sedation (xylasin, Intervet, Boxmeer, the Netherlands, 50 to 70 mg intramuscularly) by a certified veterinarian while the animals were in the feed rack 4 d before slaughter, basically as described in Immonen et al. (2000) . First, the local area on the hide was shaved and disinfected. A scalpel blade was used to cut an opening in the skin before a Bergström needle with inner diameter of 5 mm was inserted to collect the biopsy. Samples were excised from M. longissimus thoracis at 6 cm depth cranial to the 12th rib. The biopsies were immediately frozen in liquid nitrogen and stored at -80°C for later proteomic analysis. The bulls were transported (1 h) to a commercial abattoir (Gilde HedOpp, Nortura, Rudshøgda, Norway) and slaughtered shortly after arrival. The carcasses were electrically stimulated (90 V) approximately 30 min postmortem. A piece of muscle tissue was taken at 1 h postmortem, snap frozen in liquid nitrogen, and stored at −80°C for further analysis. The remaining M. longissimus thoracis muscles were hot-boned from the carcass at 1 h postmortem, vacuum packed, and kept at 12°C for the first 10 h to avoid cold-shortening. The vacuumpacked muscles were then kept at 4°C for the rest of the storage period for later WBSF measurement.
WBSF
Measurements of WBSF were performed at 7 d postmortem for the M. longissimus thoracis samples. From each muscle, a 3.5-cm-thick slice was vacuum-packed in polyethylene bags, heated in a water bath at 70.5°C for 50 min, and then chilled in iced water for 50 min. The meat slices were cut into rectangular pieces of 1 × 1 × 3 cm along the fiber direction, and 10 pieces from each sample were sheared perpendicular to the fiber direction with a triangular WBSF device attached to an Instron Materials Testing Machine (model 4202, Instron Engineering Corporation, High Wycombe, UK; Rodbotten et al., 2000) . The average maximum force (given as N/cm 2 ) for the 10 parallels from each sample was used in the data analysis. 
Extraction of Sarcoplasmic Proteins
A total of 100 mg of muscle tissue was dissected and homogenized in 1 mL of TES buffer [10 mM Tris (pH 7.6), 1 mM EDTA, and 0.25 M sucrose], using the lysis and homogenization automated equipment (Precellys 24, Bertin Technologies, Montigny, Air, Tarnos) at 6,000 rpm for 2 × 20 s. The homogenate was centrifuged (30 min at 9,500 × g) at 4°C to remove TES-insoluble proteins. Protein concentrations were measured with a commercial kit at 760 nm (RC DC Protein Assay, Bio-Rad Laboratories, Hercules, CA) in a spectrophotometer (Ultrospec 3000, Pharmacia Biotech) using BSA as standard.
Two-Dimensional Gel Electrophoresis
In Exp. A1 samples from 26 animals were analyzed by fluorescence 2-dimensional difference gel electrophoresis (DIGE; Unlu et al., 1997) . A volume of protein sample equivalent to 50 µg was labeled with 400 pmol of CyDye (GE Healthcare Bio-Sciences AB, Uppsala, Sweden). Each sample was labeled both with Cy3 and Cy5 as technical replicates and run on separate gels. A reference was made as a mix of all samples, labeled with Cy2, and separated on all gels. The sample was vortexed and left on ice for 30 min in the dark. The reaction was stopped by adding 1 µL of 10 mM lysine, then the sample was vortexed and left on ice for 10 min in the dark. An equal volume of TES buffer was added after the protein sample was labeled. The sample was vortexed and left on ice for 10 min. Then differentially labeled samples were mixed. All samples were randomized before separation.
Briefly, ReadyStrip immobilized pH gradient (IPG) strips (24 cm; Bio-Rad Laboratories) spanning the pH region 5 to 8 including many of the metabolic enzymes were used in the first dimension. For analytical 2-dimensional gel electrophoresis (2-DE), 150 µg of prelabeled proteins were loaded on each IPG strip by in-gel rehydration, whereas 500-µg proteins were loaded for preparative 2-DE. The isoelectric focusing was performed on the Pharmacia Multiphor unit equipped with a temperature controller (GE Healthcare). Low voltage (50 V) was applied in the initial step followed by a stepwise increase to 3,500 V and reaching a total of 70,000 Vh. Proteins were separated on 12.5% SDS-PAGE in the second dimension using the Ettan Dalt twelve Large Format Vertical System (GE Healthcare). After SDS-PAGE, CyDye-labeled gels were scanned directly using the Ettan DIGE Imager (GE Healthcare). The excitation wavelengths for Cy2, Cy3, and Cy5 are 480, 540, and 635 nm, and the emission wavelengths were 530, 595, and 680 nm, respectively. The preparative gels were silver stained according to Shevchenko et al. (1996) . Several preparative gels were made for repeated identification of the proteins.
Image and Data Analysis
The scanned gels were imported to the software Progenesis SameSpots v2.0 (Nonlinear Dynamics, Durham, NC). Artifacts were removed manually before spot detection, and a data set consisting of protein spots was created after detection. The resulting table was imported into Unscrambler version 9.2 (CAMO A/S, Oslo, Norway), Matlab version 7.0.4 (The Mathworks Inc., Natick, MA), and 50-50 MANOVA (http://www.matforsk.no/ola/ffmanova.htm) for statistical analysis.
The protein volumes were reported as the ratio between the amount of the protein measured in the sample image (Cy3 or Cy5) and the amount of the same protein in the reference image (Cy2). The protein volumes were then log-transformed to give all protein variables an equal variance across all the measured volume ratios. The subsequent statistical analysis was performed on the averaged results of the 2 replicates and on each replicate separately. The first step after log-transformation of the data was to remove the batch effect from the data. The ANOVA analysis was performed as a t-test where all samples classified as tender were considered as one group and all samples classified as tough were considered as another group. All proteins that had a significant regression coefficient below the 5% were added to the results.
Protein Identification
The protein spots of interest were punched out of the preparative gels using pipette tips and extracted from gels according to the method of Jensen et al. (1998) . Briefly, the washing/dehydration process was carried out by adding 150 µL of 50% (vol/vol) acetonitrile (ACN) and shaking 15 min at room temperature before the gels were dried in a speed-vac centrifuge (ISS 110 SpeedVac System, Thermo Savant, Waltham, MA) for 30 min. Then 150 µL of 10 mM DTT was added, and gels were incubated for 45 min at 56°C, followed by addition of 150 µL of 55 mM iodoacetamide and incubated for 30 min at room temperature in the dark. Afterwards the plugs were washed with 50% (vol/vol) ACN and dried. Thirty microliters of trypsin digestion buffer (5 ng/µL) was added to the dried gel pieces, incubated on ice for 30 min, and at 37°C overnight. A column consisting of 100 to 300 nL of Poros reverse phase R2 (20-to 30-µm bead size, PerSeptive Biosystem, Wellesley, MA) was packed in a constricted GeLoader tip (Eppendorf, Hamburg, Germany). A 10-mL syringe was used to force liquid through the column. Twenty microliters of the tryptic protein digests was loaded onto the column and washed with 20 µL of 0.1% TFA. The peptides were eluted with 0.8-µL matrix solution [(5 mg/mL of α-cyano-4-hydroxy-trans-cinnamic acid (Agilent Technologies Inc., Santa Clara, CA) in 70% ACN/0.1% TFA] and spotted directly on the matrixassisted laser desorption/ionization (MALDI) plate.
Protein marker for meat tenderness An Ultraflex MALDI-time of flight (TOF)/TOF mass spectrometer with the LIFT module (Bruker Daltonics, Billerica, MA) was used for protein identification. A peptide mixture (peptide calibration standard I, Bruker Daltonics) was used for external calibration, whereas the internal calibration was performed using the trypsin autolysis products. The program package FlexAnalysis 2.4 (version 1.1.3, Bruker Daltonics) was used to create the peak list using median baseline subtraction with 0.8 in flatness and smoothing by SavitzkyGolay with 0.2 m/z in width. BioTools 3.0 (version 1.0, Bruker Daltonics) was used for interpretation of mass spectrometry (MS) and MS/MS spectra. Proteins were identified by peptide mass fingerprinting (PMF) using the database search program MASCOT (http://www. matrixscience.com/). An accuracy of 0.5 Da was used in the search criteria. Fixed modification and variable modification used were carbamidomethyl and oxidation, respectively. The MS/MS analysis and repeated Mascot-based database searches of minimum 3 precursor ions recognized in the PMF search were performed to confirm the PMF-based protein identification. The numbers of peptide matches, sequence coverage, molecular weight, and pI were used to evaluate the database search results.
Western Blotting
Extracted proteins were separated by 2-DE before performing Western blots. Thirty micrograms of protein was loaded onto 7-cm IPG strips (Bio-Rad Laboratories) spanning the pH regions from 5 to 8 in the first dimension using Ettan IPGPhor II (GE Healthcare). An XCell SureLock Novex Mini-Cell Electrophoresis System (Invitrogen, Carlsbad, CA) was used to run the second dimension gels (NuPage mini gels 4 to 12%). After electrophoresis, the proteins were transferred onto nitrocellulose membranes using an iBlot Gel Transfer Device (Invitrogen). All membranes were blocked with 2% ECL Advanced blocking agent (GE Healthcare) in TPBS (14 mM KH 2 PO 4 , 8 mM Na 2 HPO 4 , 140 mM NaCl, 27 mM KCl, pH 7.4, 0.1% Tween 20) for 1 h at room temperature with gentle shaking. Primary and secondary antibodies were diluted in TPBS and incubated at room temperature for 1.5 and 1 h with gentle shaking, respectively, and membranes were washed 3 × 5 min with TPBS after both incubations. All primary antibodies were used at a 1:2,000 dilution, whereas the secondary antibodies were used at a 1:2,500 dilution. The primary antibodies were rabbit polyclonal anti-PARK7/DJ1 (Abcam, Cambridge, MA), mouse polyclonal anti-MDH1 (tebu-bio, Le Perray en Yvelines, France), mouse monoclonal anti-PRDX6 (clone 3A10-2A11, Abnova, Walnut, CA), and mouse monoclonal anti-Grp75 (clone 30A5, Abcam) for stress-70 protein. Secondary antibodies were ECL Plex goat-anti-rabbit IgG-Cy5 and ECL Plex goat-a-mouse IgG-Cy3 (GE Healthcare). Finally the membranes were scanned using the Ettan DIGE Imager (GE Healthcare), and the images were analyzed by the ImageQuant TL software (GE Healthcare). The corresponding spots were quantified, and the resulting values were analyzed by ANOVA.
RESULTS
In Exp. A1, sarcoplasmic proteins from bovine M. longissimus thoracis biopsies were analyzed, and Figure 1 shows a representative 2-dimensional gel of these samples. The proteins in the molecular mass region of 10 to 75 kDa and the pH range between 5 and 8 were included in the image analysis. Significance testing by ANOVA showed that 7 protein spots were different in abundance (P < 0.05) between the tender and tough group. These were identified as malate dehydrogenase, peroxiredoxin-6, myosin light chain1 (slow-twitch muscle A, isoform), histidine triad nucleotide-binding protein1, stress-70 protein, UPF0366 protein C11orf67 homolog, and protein DJ-1 ( Table 2) . Comparison of the experimental molecular weights with the theoretical molecular weights indicated that all of the identified proteins were full-length proteins. All 7 spots were identified by matching peptide data to bovine protein sequences in the database, and Figure 2 shows the expression profiles of these 7 proteins in the 2-DE images. Malate dehydrogenase, peroxiredoxin-6, and myosin light chain 1 were more abundant in the tender group, whereas the other 4 proteins were less abundant in the tender group. To confirm these findings, the abundance of malate dehydrogenase, peroxiredoxin-6, stress-70 protein, and protein DJ-1 were quantified by Western blotting. We were unable to find specific antibodies for the histidine triad nucleotide, myosin light chain, and the UPF0366 protein, so these proteins could not be included in this analysis. No significant differences were observed for malate dehydrogenase, stress-70 protein, and protein DJ-1 between the tender and tough group. Peroxiredoxin-6 was observed in several spots (spot 1, 2, and 3) on the Western blots, possibly representing different isoforms or modifications of this protein (Figure 3) . Therefore we quantified all 3 spots of peroxiredoxin-6. Spot 1 corresponds to spot 316 on the 2-DE image in Figure 1 and was more abundant in the tender group (P = 0.029) in the Western blots from Exp. A1 (Figure 4, top panel) . The abundance level of spot 2 (P = 0.299) and 3 (P = 0.231) for peroxiredoxin-6 showed no significant difference between the tender and tough group in Exp. A1.
In Exp. A2, 1 h postmortem muscle samples from 16 of the 26 bulls analyzed in Exp. A1 were analyzed by Western blotting against the peroxiredoxin-6 antibody. The results showed that the abundance level of spot 1 (P = 0.02) and spot 2 (P = 0.004) of peroxiredoxin-6 were elevated (P < 0.05) in the tender compared with the tough group. Spot 3 showed the same tendency, but was not significantly different in abundance between the groups (P = 0.085; Figure 4 , middle panel).
In Exp. B, biopsies from a new group of animals were analyzed by Western blotting to confirm the finding in Exp. A1. All samples were tested against antibodies for peroxiredoxin-6 and protein DJ-1, and a subset of 8 samples (4 tender and 4 tough) were tested against antibodies for stress-70 protein and malate dehydrogenase. However, no significant differences were observed between the tough and tender group in Exp. B for any of the proteins analyzed. For peroxiredoxin-6, none of the 3 spots showed significant differences between the tough and tender group (Figure 4 , bottom panel).
DISCUSSION
To find potential protein markers for meat tenderness, we started to analyze 26 biopsies from living animals in Exp. A1. In addition, we also wanted to determine if the findings in the biopsies could be observed in postmortem samples from the same animals. Exp. A2 was therefore performed using 1 h postmortem samples from the same animals as in Exp. A1. After Figure 1 . A representative 2-dimensional difference gel electrophoresis image of a bovine M. longissimus thoracis biopsy sample. Fifty micrograms of labeled protein sample (Cy3) was separated using a pH range of 5 to 8 in the first dimension and SDS-PAGE (12.5% T) in the second dimension. Seven proteins marked with arrows were significantly different in abundance between the tender and tough group. Western blotting, only peroxiredoxin-6 was confirmed to be more abundant in the tender group. Exp. B was therefore designed to verify the findings in Exp. A1, and a new group of animals with 14 additional biopsies was analyzed to support the findings in Exp. A1. The lack of confirmation of the DIGE results by Western blotting for several of the proteins in this study can be caused by 1, or more likely, a combination of the following 2 factors: i) different normalization procedures and ii) different statistical powers between the 2 technical methods. The spot volumes from DIGE are normalized by dividing the individual spot volumes by the total volume of spots within each gel. However, the spot volumes from Western blotting solely depend on the accuracy of the protein assay method.
Protein peroxiredoxin-6 was observed to be less abundant in the tough group, both in the living animals and in the muscle shortly after slaughter. Peroxiredoxin-6 belongs to a ubiquitous family of antioxidant enzymes called peroxiredoxins (Wood et al., 2003) . Peroxiredoxin-6 is expressed in all major organs (Manevich and Fisher, 2005) and plays a role in protection against oxidative stress by detoxification of reactive oxygen species (Rhee et al., 2005) . It has been reported that the level of peroxiredoxin-6 was more abundant in the brain of patients with Alzheimer's disease (Power et al., 2008) and that overexpression of peroxiredoxin-6 may have an effect on the progression of lung cancer (Lehtonen et al., 2004) and breast cancer (Chang et al., 2007) . In our investigation, peroxiredoxin-6 was identified as several spots on the Western blots, possibly representing different isoforms of the enzyme. During oxidative stress, a cysteine residue in peroxiredoxin-6 is oxidized to cysteine sulfonic acid, which has been recognized as a reversible posttranslational modification of peroxiredoxins (Chevallet et al., 2003) . This modification is known to cause a shift of peroxiredoxin-6 to a more acidic pI value (Chevallet et al., 2003; Cullingford et al., 2006) . In Exp. A we identified that spot 1 of peroxiredoxin-6 was more abundant in the tender group, both in the biopsies and in the 1 h postmortem samples. This is the most acidic peroxiredoxin-6 spot of the 3 spots and might be a modification of the other 2 spots, but this needs further investigation. This means that samples from the tender group, which have greater level of peroxiredoxin-6, might have been exposed to less oxidative stress than samples in the tough group. Thus, the relationship between peroxiredoxin-6 and tenderness may indicate that oxidative stress in the muscle is associated with tenderness. A possible link between stress-related proteins and meat tenderness has also previously been reported. In a microarray study of the transcriptomes of M. longissimus thoracis from Charolais bull calves a gene (DNAJA1) encoding a heat shock protein, which belongs to the heat shock protein 40 family, was negatively correlated with tenderness (Bernard et al., 2007) .
It has been long known that environmental stress factors can result in changes in the metabolites of muscle and are largely responsible for differences in the ultimate properties of meat (Hedrick et al., 1993) . The nature of these changes depends on such factors as the duration or severity of the stress and the level of stress resistance of the animal at the time of death. In line with this, it has been reported that reactive oxygen species decrease µ-calpain activity and proteolysis, subsequently decreasing the extent of tenderization of beef (Rowe et al., 2004) . µ-Calpain has a cysteine residue in the active site that can be oxidized, and µ-calpain requires reducing conditions to be active (Rowe et al., 2004) . µ-Calpain has been reported to play an important role in beef tenderization (Koohmaraie, 1996; Veiseth et al., 2001; Page et al., 2002 Page et al., , 2004 Geesink et al., 2006) . Interestingly, 2 enzymes, peroxiredoxin-2, a member of the same family as peroxiredoxin-6, and SP-22 protein, were also significantly different in abundance in bovine M. longissimus thoracis muscle during the first 24 h postmortem (Jia et al., 2006a (Jia et al., ,b, 2007 . Moreover, it has been reported that postmortem changes of SP-22 and peroxiredoxin-2 are related to WBSF in a proteome study of porcine postmortem muscles (Hwang et al., 2005) . The different abundance of peroxiredoxin-6 (spot 1) between the tender and tough group in Exp. A1 was not verified in Exp. B. This could be due to several factors such as genetic variation, physiological and biochemical differences among individual animals, and the limited number of animals included in this study. Hence more animals should be included to verify the findings, as the tendencies from Exp. B pointed in the same direction as in Exp. A1 and A2. Comparing Exp. A1 and A2, peroxiredoxin-6 was observed to be more abundant in the tender group for spot 1 in both experiments and for spot 2 in Exp. A2. The different observations between these 2 experiments may be caused by environmental factors and processes taking place from the time of biopsy sampling to the 1 h postmortem sampling, such as stress, transportation, lairage, stunning, exsanguination, electrical stimulation, and dehiding (Jia et al., 2006c) . The pH measurements (1, 6, 10, and 48 h postmortem) were also recorded in muscle samples from these animals, but no significant differences between the groups were observed, and the samples were collected at different times of the year. When doing a multivariate analysis, the groups in Exp. A1, A2, and B were not different with respect to these observations. In this study tenderness was measured as WBSF and not by sensory tenderness. In addition, as the tender and tough groups were determined by WBSF measured 7 d after slaughter, variation in the extent of postmortem proteolysis occurring during aging could also reflect the different results in Exp. A and B.
In conclusion, spot 1 of peroxiredoxin-6 was more abundant in the tender group, both in biopsies and 1 h postmortem samples from bovine M. longissimus thoracis. In addition, spot 2 of peroxiredoxin-6 was more abundant in the postmortem samples in the tender group. Thus, peroxiredoxin-6 might be a potential protein marker for meat tenderness in beef, but additional animal samples are needed to verify these results.
